In this study it is shown that it is possible to build a decision support system for the use of South African extensive beef farmers.
INTRODUCTION
Extensive beef farmers form a vulnerable sector in any economy. They have little if any bargaining power in the market, their product cannot be stored indefinitely and their costs and ability to produce are affected to a large extent by the vagaries of nature. In the United States of America extensive beef farmers use the American futures market to hedge their market prices, thereby reducing their overall risk to a more acceptable level. eg. lkerd and Anderson [1 0] . In South Africa the Meat Board tries to reduce the risk of beef farmers using a system of floor prices. In this paper it is suggested that good statistical models may provide an alternative, or additional, solution to this problem. An example of such a decision support system is developed with the purpose of showing the extensive beef farmer the long-term implications of his decisions.
As stated by Hawryszkiewycz [9] , decision support systems (DSS's) are usually based upon the output from a computer-based model which is continually refined in terms of its inputs. Thus, DSS's are a cheap form of experimentation. Keen and Morton [11 1 claim that DSS's are an attempt to match computer technology to the reality facing the decision-maker. These systems are only appropriate when management judgement is essential and, secondly, there is sufficient structure in the system to allow the use of a computer and other analytical aids. These systems improve management effectiveness by providing a supportive tool which can extend the range and capability of the manager's decision processes.
In this study we have developed such a tool for the use of South Africa's extensive beef farmers. However, we have ignored the problems of implementation.
Implementation is the area in which many a DSS has faltered. The objective has been to merely show that it is possible to develop a DSS for extensive beef farmers. The job of building and implementing a final system has been left to others.
SOURCES OF V ARIABILITV
There are three key varrables whrch affect the decisions made by extensive beef farmers. Rainfall is certainly one of these variables. Drought brings to mind a spectre of starving cattle. However, the variability associated with the beef price cycle may be even more important to the extensive beef farmer. The third key variable is the condition of the veld.
Beef price cycles, with cycle lengths differing from one country to the next, are a universal phenomenon according to Breimyer [1] . These cycles are, in a sense, caused by the beef farmers themselves. Farmers tend to have a farm-view rather than an industry view. When prices start to rise farmers build up their herds by keeping more heifers (young cows), thus reducing the supply to the market and forcing prices higher. Their objective is to increase the number of new calves born, thus allowing them to increase future supply and, hence, future profits. However, any extensive farming ranch is limited in terms of the number of cattle it can support. Overgrazing is not encouraged in the industry. eg. Gammon [7] , Richardson [20] , Denny (3] . Consequently there soon comes a time when farmers start selling under pressure of the veld. This results in an over-supply and a rapid decline in prices. Williams and Stout [24] have much more to say about beef price cycles and their effect on the extensive beef farmer. Meadows [15] has explained how the supply cycles for beef and other agricultural products can be modelled in lorms of marketing lags, gestation lags and expected prices. 
MODELS
The development of all the models used in this study and their error distributions are described by Meyer [ 16] . Since a long-term view is required, models which portray the long-term behaviour of rainfall and the beef price are derived. Cyclical models are used for this purpose. The models were developed using data for cattle sold only at the Witwatersrand Auctions. All attempts to find a correlation between rainfall and beef prices failed as explained by Meyer [17] . As a result these two variables have been modelled independently of each other.
The Rainfall Model
The rainfall model developed here is based on the same forty years of raw data used by Dyer [5] resulting in a rainfall model very similar to his. However, the time ...
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The errors for the mass gain models were independent normal for five of the six sex/age categories. Only for the 2 year old females did the errors show autocorrelation. These errors were modelled using an autoregressive one (AR (1)) process.
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Although these models were the best that could be found in terms of the behaviour of their residuals and in terms of the requirements of this study I it should be noted that these models are based on "old" very specific data. Consequently the above models should be regarded as examples of suitable models rather than the "best" models.
DECISION-MAKING FOR THE EXTENSIVE BEEF FARMER
The decisions considered in this study concerned the optimum choice of stocking intensity I cattle system and timing of cow sales, and the optimum degree of flexibility as regards changes in these decisions from one year to the next. The
• http://orion.journals.ac.za/ three cattle systems considered are briefly described in the glossary of terms. The models described in the previous section have been used to analyse these decisions. Decisions are evaluated in terms of annual gross margins (ie. revenue minus variable costs).
• to test the applicability of the Soutpan mass gain and lick intake models to other farms in the region. However, it is suspected that differences in the quality of veld management may affect the reliability of these models for other farms.
Monte Carlo simulations and Dynamic Programming are tho tools usod to study the consequences of the above decisions.
Monte Carlo Simulation
As shown by Clemen [2] , Monte Carlo simulation is an excellent tool for capturing all the relevant aspects of uncertainty in a "messy" situation, providing the decision-maker with a sound basis for comparing alternatives. Donaldson [4] has also used this tool in an agricultural setting. He was able to compare alternative machinery systems used for cereal production using Monte Carlo simulation.
The Monte Carlo simulation used in this study consisted of 1 00 iterations conducted on a monthly basis over a period of 140 years. The idea in using a 140 year period was to provide a full coverage of the interaction between the 7 year beef cycle and the 20 year rainfall cycle. A more realistic period, say the next ± 20 years, is recommended for future studies. For each iteration the error models were used to modify the expected values of the system variables as illustrated in Figure 7 .
Three initial stocking intensities, three cattle systems and two different months for cow sales were compared. AJJ three stocking intensities were typical of those seen at Soutpan in recent years. This means that the stocking intensities assumed are compatible with the lick intake and mass gain models developed using the Soutpan data. The results shown in Table 1 were obtained when cows were sold in June. Table 1 suggests that a higher stocking intensity is desirable from the point of view of increasing gross margins. However, as indicated by Table 2 , the effect of the increased stocking intensity on lick intake is large, indicating a marked decline in veld condition. In addition the standard deviations in Table 1 indicate that there is greater risk when stocking intensity is high. Clearly the tollie system is the most profitable system on average while the weaner system is the least risky. As remarked above, the increase in lick intake between the low stocking rate (299 LSU's on 1st January) and the high stocking rate (385 LSU's on 1st January) computed in Table 2 is cause for concern. A 29% increase in herd size appears to translate into a 63% increase in lick intake. The effect of April as opposed to
June cow sales is to reduce lick intake by 5-8% (while decreasing gross profits by only ± 2%). This suggests that earlier sales can be used to alleviate excess pressure on the veld without causing too much of a loss in profits.
In the above analysis a stable marketing strategy (ie.cattle system) was assumed.
If the farmer cannot obtain reasonably accurate predictions of future rainfall and future beef prices, this is the system one would expect him to follow. However, if he can obtain reasonably accurate predictions of future rainfall and future beef prices one would expect him to chang.e his cattle system from time to time. The desirability of such flexibility can be assessed using dynamic programming.
Dynamic Programming
As discussed by French [6] a dynamic programming analysis works backward through a decision tree once the route with the optimum expected value has been established. One may therefore say that dynamic programming makes deCisions with hindsight. Hadley [8] provides a general reference for the theory of dynamic programming. Nerlove, Grether and Carvalho [ 191 provide an application of dynamic programming in the context of cattle farming. They optimise the net present value of a cattle ranch in terms of sales and feeding strategies.
In this application of dynamic programming the farmer was given the choice of changing his cattle system in any year. The goal was to maximise the present value of total gross margins allowing for all possible combinations of rainfall levels and beef price levels. lt was therefore necessary to consider a period of one hundred and forty years. lt is again suggested that only the next ± 20 years be considered in future studies of this nature. Expected rainfall and beef prices were predicted from their respective models. The implications of a (possibly) changing cattle system on mass gain were predicted from the Soutpan mass-gain models and translated into gross margins using the veal, weaner and beef price models, as illustrated in Figure 7 .
lt was found that in certain circumstances, namely years with high rainfall, low prices and low stocking intensities it was profitable, in terms of total gross margin, for the farmer to temporarily switch from a tollie system to a weaner system. In 14 out of the 140 years the weaner system was recommended, while the calfsystem never became a viable option.
However, at higher stocking intensities it was found that the farmer should retain a tollie system throughout the 140 year period. This is actually the policy at Soutpan so it was not a surprising result. The tollie-system is apparently more resilient than the weaner or calf system to the poorer veld condition which is associated with higher stocking intensities.
CONCLUSION
This study has shown that DSS models show promise as a decision-making tool for the extensive beef farmer. If farmers are prepared to use voluntary lick intake as a measure of veld condition, DSS models can be used to simulate the effect of management decisions on gross margins and veld condition.
In this study we have considered the effect of stocking intensity, cattle system and the timing of cow sales on gross margins and veld condition. In addition it is necessary for veld condition to be calibrated, perhaps into acceptable and unacceptable ranges, using lick intake values. Once this has been done other decisions, such as decisions to rent extra grazing or buy in fodder, can be analysed quickly and cheaply using simulation.
This study has also shown that, if a farmer can obtain reasonably accurate forecasts of rainfall and beef prices for the next ± 20 years, then it may be profitable for him to change these decisions from time to time. The suggestion here is that, with the help of statistical models, the farmer can become proactive rather than reactive. Based on the extra information provided by statistical models he can change his management system in order to adjust to a changed marketing and/or production environment.
However, the above suggestions are really only practical if the farmer receives some assistance. Firstly he will need model experts to help him build the models he needs. He will need computer experts to install friendly but flexible simulation and dynamic programming software on his computer. In addition he will require a marketing environment which is not a straight-jacket. A process, xtt which can be modelled as follows: ACKNOWLEDGEMENT Many thanks to the referees for their most useful comments and to all the people and institutions which so kindly assisted by providing data.
